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The genetically haploid spermatids are functionally diploid as a result of the sharing of gene products through their
intercellular bridges. This movement of molecules among haploid cells is crucial for the production of spermatozoa since
numerous essential proteins are encoded on sex chromosomes. Testis–brain RNA-binding protein (TB-RBP) is a single-
stranded DNA- and RNA-binding protein prominent in the nuclei and cytoplasm of specific stages of differentiating male
germ cells. Here we present evidence that TB-RBP moves from the nucleus to the cytoplasm and through intercellular
bridges of male germ cells. Based on its RNA-binding capabilities, we propose a role for TB-RBP in the distribution of equal
amounts of mRNAs in haploid male germ cells. © 1998 Academic Press
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INTRODUCTION
Following meiosis, the haploid spermatids are geneti-
cally, but not phenotypically, distinct (Braun et al., 1989;
Calderwood and Handel, 1991). To maintain genetic
equivalence, cytoplasmic components are transported
through intercellular bridges that connect the differentiat-
ing male germ (Dym and Fawcett, 1971). The sharing of
gene products is especially important for mRNAs encoded
from the sex chromosomes, since numerous proteins essen-
tial for the production of functional spermatozoa are lo-
cated on the X and Y chromosomes. (Capel et al., 1993;
Shannon and Handel, 1993; Hendriksen et al., 1995)
A growing number of nucleic acid-binding proteins have
been demonstrated to move between the nucleus and cyto-
plasm (Visa et al., 1996; Kraemer and Blobel, 1997). In
Xenopus germ cells, the DNA-binding protein FRGY 2
(Wolffe, 1994), which is identical to the RNA-binding
protein p48/52 (Murray et al., 1992; Deschamps et al.,
1992), functions as a transcription factor in the nucleus and
as a sequence independent RNA-binding protein for stored
mRNAs. Mammalian male germ cells contain a homologue
of FRGY 2 which activates transcription of specific promot-
ers in vitro (Yiu and Hecht, 1997), while serving as a
sequence independent RNA-binding protein (Kwon et al.,
1993). The mouse homologue of the human single-stranded
DNA-binding protein, translin, named testis–brain-RNA-
binding protein (TB-RBP), also has distinct nuclear and
cytoplasmic functions (Wu et al., 1997). Translin is a
26-kDa single-stranded DNA-binding protein identified in
human leukemic cells which is believed involved in chro-
mosomal rearrangements (Aoki et al., 1995), whereas TB-
RBP was initially identified as a RNA-binding protein that
recognizes conserved sequences in the 39UTRs of stored
mRNAs (Kwon and Hecht, 1991, 1993). In the nucleus,
TB-RBP preferentially binds to chromosomal translocation
breakpoint sequences (Wu et al., 1997; Aoki et al., 1995),
while in the cytoplasm TB-RBP binds specific testicular and
brain mRNAs to microtubules (Han et al., 1995). In vitro
TB-RBP suppresses translation of mRNA constructs con-
taining conserved sequences (Kwon and Hecht, 1993). Here
we present evidence that TB-RBP moves from the nucleus
to the cytoplasm and through intercellular bridges of male
germ cells, thereby providing a means to distribute mRNAs
between haploid male germ cells.
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MATERIALS AND METHODS
Preparation and Analyses of Cytoplasmic
and Nuclear fractions from Meiotic
and Postmeiotic Male Germ Cells
Pachytene spermatocytes, round spermatids, and elongated sper-
matids were isolated from adult CD-1 mouse testes as previously
described (Kwon and Hecht, 1993). Microscopic examination re-
vealed population of cells greater than 85% pure with less than 5%
round spermatids in the elongated spermatid fractions (Hake et al.,
1990). After washing with PBS, the cells were resuspended in
hypotonic buffer A (10 mM Tris–Cl, pH 7.9; 10 mM KCl, 1.5 mM
MgCl2, 0.5 mM PMSF) and incubated for 15 min on ice. The cells
were then homogenized in an Eppendorf tube and centrifuged for 10
min at 12,000 rpm at 4°C. The supernatant was used as the
cytoplasmic fraction and the pellet was resuspended in buffer B (20
mM Tris–Cl, pH 7.9, 300 mM KCl, 1.5 mM MgCl2, 0.5 mM DTT
and 20% glycerol) and incubated for 40 min on ice with occasional
pipetting. After centrifugation at 14,000 rpm for 15 min, the
supernatant was recovered and used as the nuclear fraction. Anti-
serum to TB-RBP was prepared using as antigen the protein
encoded by the complete open reading frame of TB-RBP (Wu et al.,
1997). A plasmid encoding mouse TB-RBP was constructed in a
PGEX-4T-1 vector and introduced into Escherichia coli. TB-RBP
was overproduced by induction, purified to homogeneity by chro-
matography over glutathione Sepharose 4B, and injected into two
rabbits. The antiserum was purified by affinity chromatography
before use. Western blotting revealed that the antiserum specifi-
cally recognized TB-RBP. For immunoblotting, cytosolic and
nuclear fractions (30 mg) were electrophoresed on a 10% SDS–
polyacrylamide gel, transferred to nitrocellulose membranes, and
detected with an affinity purified antibody raised against TB-RBP
(Wu et al., 1997). For the RNA gel shift assay, cytosolic and nuclear
fractions (20 mg) were incubated with 32P-labeled transcript c (a
67-nucleotide transcript containing 42 nucleotides of the con-
served Y and H sequences of the 39 UTR of mouse protamine 2
mRNA) in binding buffer (20 mM Hepes, pH 7.6; 3 mM MgCl2, 40
mM KCl, 2 mM DTT, 5% glycerol) for 10 min at RT. The assays
were incubated with RNase T1 (0.2 U) for 10 min and heparin (final
concentration 5 mg/ml) was added. After 10 min, the mixture was
loaded onto 4% polyacrylamide gels. For the DNA gel shift assay,
cytoplasmic and nuclear extracts (20 mg) were incubated with 4 mg
poly(dI:dC) and 2 mg poly(AUC) in binding buffer for 10 min at RT,
a 32P-labeled oligodeoxynucleotide Bcl-Cl1 was added, incubated
for 10 min, and the mixture was resolved by electrophoresis on a
4% polyacrylamide gel. The gels were dried and the RNA– and
DNA–TB-RBP complexes were detected by autoradiography.
Immunocytochemical Analyses by Light
Microscopy
Adult male CD-1 mice were obtained from Charles River (Mon-
treal, Quebec) and anesthetized with sodium pentobarbital. For
immunolocalization of TB-RBP in paraffin sections, mice testes
were fixed by intracardiac perfusion with Bouin’s fixative and rat
testes were fixed in Bouin’s fixative via the abdominal aorta. The
fixed testes were removed, dehydrated in decreasing concentra-
tions of ethanol, and embedded in paraffin (Igdoura et al., 1996).
Paraffin sections of testes were incubated with antibody prepared
against mouse recombinant TB-RBP (Wu et al., 1997) according to
Oko and Clermont (1996). Briefly, the sections were deparaffinized
and rehydrated in graded ethanol solutions (100 to 50%). The first
70% ethanol solution contained 1% H2O2 to inactivate endoge-
nous peroxidase. The second 70% ethanol solution contained 1%
lithium carbonate to neutralize residual picric acid present in the
tissue. After rehydration, the sections were immersed in 300 mM
FIG. 1. Distribution of TB-RBP and its RNA and DNA binding
activities in mouse male germ cells. A. Immunoblot analysis. B.
RNA gel shift assay. C. DNA gel shift assay. Pc and Pn, cytoplas-
mic and nuclear fractions of pachytene spermatocytes; Rc and Rn,
cytoplasmic and nuclear fractions of round spermatids; Ec and En,
cytoplasmic and nuclear fractions of elongating spermatids. The
RNA-TB-RBP and DNA-TB-RBP complexes are indicated by ar-
rows; non-specific complexes are denoted by arrowheads.
FIG. 2. Sections of mouse seminiferous tubules at different stages of the cycle immunostained with anti-TB-RBP antibody. (A) Peroxidase
labeling associated with the nuclei of pachytene spermatocytes (P), and the cytoplasm of round spermatid (R) and early elongated spermatid
(E). Spermatogonia (S) are sometimes stained. Original magnification: 3400. (B) Micrograph showing the cytoplasmic staining of a group of
round spermatids (arrows). Original magnification: 31000. (C) Micrograph illustrating the nuclear staining of pachytene spermatocytes
(arrowheads). The arrow shows an unstained Sertoli cell. Original magnification: 31000.
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glycine for 5 min to block free aldehyde groups. The tissues were
blocked with 40 ml of 10% goat serum diluted in Tris-buffered
saline (TBS) for 15 min at room temperature and then were
incubated with the anti-TB-RBP primary antibody (1:100) for 1.5 h
at room temperature. The sections were immersed in four wells of
TBS containing 0.1% Tween 20 (TWBS) for 2 min each and blocked
in 10% goat serum diluted in TBS for 5 min. The sections were
incubated with a goat anti-rabbit IgG conjugated to peroxidase
(1:250) in TBS for 30 min. After incubation with the secondary
antibody, the tissues were washed with TWBS and reincubated in
a 200-ml TBS solution containing 100 mg diaminobenzidine, 160
mg imidazole, and 60 ml H2O2 for 10 min and then washed in
distilled water. The sections were stained with 0.1% methylene
blue for 8 min and washed in distilled water. Dehydration of the
tissues was carried out with graded concentrations of ethanol (50 to
100%) and the tissues were mounted with Permount.
Immunocytochemical Analyses by Electron
Microscopy
Adult male CD-1 mice were obtained from Charles River,
anesthetized with sodium pentobarbital, and fixed by intracardiac
perfusion. The fixative was composed of 0.5% glutaraldehyde, 4%
paraformaldehyde, and 15 mM lysine in 0.1 M phosphate, pH 7.4.
The tissues were trimmed into small blocks, kept in the same
fixative for 2 r and then washed three times in PBS (137 mM NaCl,
2.7 mM KCl, 1.5 mM KH2 PO4 6.5 mM Na2HPO4 , pH 7.4)
containing 4% sucrose at 4°C. The blocks were dehydrated in
graded methanol and embedded in Lowicryl K4M (Igdoura et al.,
1996). Grids containing tissue sections were floated on a drop of 20
mM Tris-buffered saline (TBS, pH 7.4) containing 10% goat serum,
and then incubated for 1 h with anti anti-TB-RBP antibody (1:50 in
TBS). Grids were washed three times, 5 min each, in TBS contain-
ing 0.5% Tween 20, and then incubated for 1 h with colloidal gold
(10 nm)-conjugated goat anti-rabbit (1:20 in TBS). The sections
were subjected to three washes, 5 min each, in TBS containing
0.05% Tween 20 followed by a wash in distilled water. Sections
were counterstained with uranyl acetate in 30% ethanol for 2 min,
followed by lead citrate for 30 s. Normal rabbit serum was used as
a negative control to determine background immunogold labeling.
Electron micrographs were taken on a Philips 400 electron micro-
scope (Igdoura et al., 1996).
RESULTS
The Nucleic Acid Binding Properties of TB-RBP
Vary with Cellular Location
To better understand the functional roles of TB-RBP, the
cellular and subcellular locations of TB-RBP in the mam-
malian testis were determined with nucleic acid binding
assays and by immunocytochemistry. Initially, TB-RBP was
assayed in nuclear and cytoplasmic extracts prepared from
highly enriched populations of meiotic (pachytene sper-
matocytes) and postmeiotic (round and elongated sperma-
tids) germ cells. Temporal changes in the amount of TB-
RBP in the nuclei and cytoplasm of differentiating germ
cells are detected by Western blotting with an affinity
purified antibody to TB-RBP (Fig. 1A) (Wu et al., 1997). The
nuclear fraction of the meiotic pachytene spermatocytes
contains the highest amount of TB-RBP, while the highest
amount of cytoplasmic TB-RBP is found in round sperma-
tids. Later stage elongated spermatids contain a reduced
amount of cytoplasmic TB-RBP and little, if any, nuclear
TB-RBP. These data indicate TB-RBP is prominent in the
nuclei of cells undergoing recombination and in the cyto-
plasm of the cells that store vast amounts of translationally
regulated “paternal” mRNAs (Hecht, 1995).
To relate protein amounts and nucleic acid-binding of
TB-RBP, gel shift assays were performed with specific RNA
and DNA probes. High amounts of a specific TB-RBP–RNA
complex (see arrow in Fig. 1B) are detected in the cytoplas-
mic extracts, but not in the nuclear extracts of pachytene
spermatocytes and round spermatids with transcript c, the
sequence conserved in the 39 untranslated regions of trans-
lationally regulated testicular mRNAs and transported
brain mRNAs (Han et al., 1995; Hecht, 1995) (Fig. 1B). A
reduced amount of this RNA–protein complex is detected
in the elongated spermatids. The RNA–TB-RBP complex
(arrow in Fig. 1B, lanes 1, 3, and 5), is immunoprecipitated
by affinity purified antibody to TB-RBP, while the slower
migrating heterogenous RNA–protein complexes seen in
the nuclear fractions (Fig 1B, lanes 2 and 4) are not (Wu et
al., 1997). The relative amounts of TB-RBP–RNA complex
that are detected mirror the relative amounts of transcrip-
tion in these male germ cells, since the meiotic pachytene
spermatocytes and the postmeiotic round spermatids ac-
tively transcribe mRNA, whereas transcription terminates
in elongating spermatids (Kierszenbaum and Tres, 1978).
When TB-RBP DNA-binding activity is measured in gel
shift assays with a radiolabeled single-stranded DNA con-
taining a conserved breakpoint junction sequence (Wu et
al., 1997; Aoki et al., 1995), a twofold decrease in nuclear
DNA-binding activity is detected as pachytene spermato-
cytes differentiate to round spermatids and no DNA bind-
ing activity is detected in nuclear extracts of elongated
spermatids (see arrow in Fig. 1C). A second DNA-binding
FIG. 3. Thin sections of mouse seminiferous tubules reacted with TB-RBP antibody. (A) Gold particles (encircled) scattered throughout
the nucleus (N) of a pachytene spermatocyte. The cytoplasm (Ct) and the nucleolus (Nu) are unlabeled. Original magnification: 325,000.
(B) Micrograph of a mouse pachytene spermatocyte reacted with TB-RBP antibody. The arrowhead indicates a cluster of gold particles
within the nucleus (N). The nucleolus (Nu) is unlabeled. Original magnification: 332,000. (C) Cytoplasm of round spermatids. The
arrowhead shows a cluster of colloidal gold particles. Some gold particles are scattered throughout the cytoplasm. Note no enrichment in
immunolabeling in the chromatoid body (CB). (D) Negative control incubated with a normal rabbit serum. The nucleus (N) and cytoplasm
(Ct) of spermatocytes and spermatids are unlabeled. Original magnification: 325,000.
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protein distinct from TB-RBP and not immunoprecipitated
by antibody to TB-RBP is also present in extracts from
pachytene spermatocytes and round spermatids (see arrow-
head in Fig. 1C). Although the majority of TB-RBP protein is
in the cytosol of male germ cells (Fig. 1A), the cytosolic
TB-RBP binds DNA poorly. This suggests a change in
binding specificity when TB-RBP moves between subcellu-
lar locations.
Immunolocalization of TB-RBP in the Testis
Although the dissociation and separation of germ cells
allows comparison of distinct populations of meiotic or
postmeiotic germ cells, it does not allow analysis of indi-
vidual intermediate stages of differentiation. To more pre-
cisely localize TB-RBP, immunostaining of testicular sec-
tions with the affinity-purified TB-RBP antibody was
undertaken (Fig. 2). A marked variation in staining of the
seminiferous tubules was detected in the germ and somatic
cells of the seminiferous epithelium (Fig. 2). In the diploid
premeiotic spermatogonia, TB-RBP appears scattered in the
cytoplasm (Fig. 2A). As the germ cells enter meiosis, high
amounts of TB-RBP are found associated with the chroma-
tin in the nuclei of the early- and mid-pachytene stage
spermatocytes (Fig. 2C). In later meiotic stages, TB-RBP is
detected in both the nuclei and cytoplasm of the primary
spermatocytes (see arrowheads in Fig. 2C). In the haploid
round spermatids, the majority of TB-RBP is found in the
cytoplasm (see arrows in Fig. 2B). As the haploid phase of
spermiogenesis advances and the male gametes transform
from round spermatids to elongated spermatids, TB-RBP is
detected in early stages of elongated spermatids, but not in
FIG. 4. Thin sections of seminiferous tubules reacted with TB-RBP antibody. (A) Micrograph of a pachytene spermatocyte showing
clustered gold particles (arrowheads) within the nucleus (N). The cytoplasm of this cell appears unlabeled. Magnification: 325,000. (B)
Micrograph of a round spermatid. The arrowheads show the cytoplasmic labeling. Note that moderate labeling is still seen in the nucleus
(N). Original magnification: 325,000.
FIG. 5. Thin sections of seminiferous tubules reacted with TB-RBP antibody. (A–D) Several nuclei of pachytene spermatocytes. Clusters
of gold particles (arrows) are seen in the center (A), displaced to one side (B), and close to the nuclear membrane within (C) or outside the
nucleus (D). Note that the cluster of gold particles appears to overlay an electron-dense material. N, nucleus; Ct, cytoplasm. Original
magnification: 336,800. (E) Cluster of gold particles (arrow) in an intercellular bridge of two adjacent round spermatids. Original
magnification: 336,800.
118 Morales, Wu, and Hecht
Copyright © 1998 by Academic Press. All rights of reproduction in any form reserved.
119DNA/RNA-Binding Protein, TB-RBP
Copyright © 1998 by Academic Press. All rights of reproduction in any form reserved.
late-stage elongated spermatids (Fig. 2A). TB-RBP is not
detected by immunostaining in the somatic Sertoli cells
(see arrow in Fig. 2C). The immunocytochemical analyses
confirm the subcellular distribution of TB-RBP obtained by
the gel shift assays. (Fig. 1)
Male germ cells contain unique structures such as the
chromatoid body which has been proposed to be a reposi-
tory of stored mRNAs (Dym and Fawcett, 1971). Since
TB-RBP binds to translationally regulated mRNAs such as
the protamines (Kwon and Hecht, 1991, 1993), electron
microscope immunocytochemistry was performed on semi-
niferous tubules to determine whether TB-RBP is concen-
trated in specific subcellular regions in the mammalian
testis. In agreement with our light microscopy data, the
highest amounts of TB-RBP are detected scattered and in
clusters in the nuclei of spermatocytes and in the cyto-
plasm of round spermatids (Figs. 3 and 4). In spermatocytes,
TB-RBP is preferentially located over dense chromatin (Fig.
3A, 4A, and 4B), but is not associated with nucleoli (Fig. 3A
and 3B). Although the majority of TB-RBP in round and
early elongated spermatids is found in the cytoplasm,
TB-RBP is present in the nuclei of early stages of round
spermatids. This population of spermatids actively synthe-
sizes RNA (transcription ceases during mid-spermiogenesis
in steps 8–9) (Kierszenbaum and Tres, 1978). In general,
TB-RBP appears scattered throughout the cytoplasm of the
premeiotic spermatogonia and the postmeiotic spermatids.
TB-RBP is not concentrated in the putative mRNA storage
organelle, the chromatoid body (Fig. 3C), or in granular
bodies or reticular bodies (data not shown), two other germ
cell structures of unknown function.
Intracellular and Intercellular Redistribution of
TB-RBP in Germ Cells
The abundance of TB-RBP in meiotic nuclei (Figs. 3B and
4A) and in the cytoplasm of postmeiotic cells (Figs. 3C and
4B) suggests intracellular redistribution of TB-RBP as germ
cells differentiate. When the intermediate stages of germ
cell development are investigated by electron microscopy,
clusters of TB-RBP are often seen (Fig. 5). Clusters are
detected in the centers of meiotic spermatocyte nuclei (Fig.
5A), near the periphery of the nuclei (Fig. 5B) and also
exiting the nuclei (Figs. 5C and 5D). In the postmeiotic
round spermatids where most of the TB-RBP is in the
cytoplasm, TB-RBP is also found in the intercellular bridges
connecting germ cells (Fig. 5E). Although these micrographs
do not represent a temporal sequence of TB-RBP transport,
they establish the presence of both nuclear and cytoplasmic
clusters of TB-RBP and suggest TB-RBP moves between
cellular compartments and between the syncytially con-
nected germ cells.
To determine whether our detection of TB-RBP in an
intercellular bridge (Fig. 5) was spurious or commonplace, a
large number of intercellular bridges were examined for
TB-RBP labeling. Of the 60 intercellular bridges we ana-
lyzed, 60% contained single particles or clusters of TB-RBP,
22% contained clusters of TB-RBP in their center, and 18%
contained clusters nearby, but not in the intercellular
bridges. A representative group of this sections showing the
location of TB-RBP in and near intercellular bridges is
shown in Fig. 6. The frequency of TB-RBP in or near the site
where molecules move through the cellular syncytia sug-
gests an involvement in intercellular transport for TB-RBP.
A more general quantitation of cellular TB-RBP levels
was performed on three representative types of germinal
cells: (a) meiotic mid-pachytene spermatocytes, (b) postmei-
otic round spermatids (steps 1–3), and (c) postmeiotic elon-
gated spermatids (steps 12–15). The number of TB-RBP
molecules as measured by density of colloidal gold particles
in the nuclei of germinal cells decreased from pachytene
spermatocytes to elongated spermatids (Table 1). In con-
trast, the amount of TB-RBP in the cytoplasm of germinal
cells first increased from pachytene spermatocytes to round
spermatids and then decreased in elongated spermatids
(Table 1). Furthermore, about 35% of TB-RBP was seen in
clusters in the nuclei of pachytene spermatocytes, the cells
showing the highest nuclear density of TB-RBP. The num-
ber of gold particles in the TB-RBP clusters ranged from 5 to
50. In the cytoplasm of mouse round spermatids, approxi-
mately 20% of the TB-RBP molecules were found in clus-
ters of 4 to 35 particles. The round spermatids showed the
highest cytoplasmic labeling density for TB-RBP.
DISCUSSION
Despite a size of 26.2 kDa, TB-RBP is a remarkable
multifunctional protein. As a DNA-binding protein, TB-
RBP and its human homologue, translin, recognize consen-
sus sequence motifs of breakpoint junctions in chromo-
somal translocations of human lymphoid neoplasms (Aoki
et al., 1995). In the cytoplasm TB-RBP binds translationally
repressed RNAs (Kwon and Hecht, 1993) and moves
through intercellular bridges (Fig. 6).
At the electron microscope level, TB-RBP shows two
distinctive morphological patterns—scattered particles or
clusters of particles that overlay aggregates of electron-
dense material. What can we conclude from these two
forms? The globular aggregates of TB-RBP suggest that
TB-RBP functions in a multimeric form. Crystallographic
and electron microscopic studies have demonstrated that
“in vitro” the human homologue of TB-RBP can form
multimers which bind to the ends of single-stranded DNAs
(Kasai et al., 1997). From yeast two hybrid assays and gel
shift assays with recombinant and testicular TB-RBP, we
conclude TB-RBP dimerization is required for nucleic acid
binding in vivo as well as in vitro (Wu et al., 1998). This
suggests the clusters of TB-RBP (Fig. 5) may be multimeric
complexes.
In addition to binding to DNA, TB-RBP binds to RNA
sequences that are similar to the single-stranded DNA
breakpoint sequences (Aoki et al., 1995; Kwon and Hecht,
1993). The RNA sequences are present in many testicular
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and brain mRNAs that are under translational control
and/or are transported. Since TB-RBP binds specific mR-
NAs to reconstituted microtubules (Han et al., 1995), and
both colcemid and cytochalasin D disrupt this binding
(Kwon and Hecht 1991, 1993), a cytoskeletal role for mRNA
transport is indicated. Preliminary data suggest TB-RBP is
present in nuclei and dendritic processes of cells through-
out the brain (unpublished data).
The RNA binding protein 60-kDa Ro, implicated in the
assembly and transport of ribosomal RNA in keratinocytes,
forms electron-dense aggregates similar to those seen with
TB-RBP (Farris et al., 1997). As expected for a transporter of
ribosomal RNA, the 60-kDa Ro aggregates are preferentially
located in nucleoli. Consistent with its proposed role as a
transporter of mRNAs, TB-RBP is only detectable outside of
nucleoli.
The movement of mRNAs through intercellular bridges
allows mRNAs transcribed from the sex chromosomes to
be shared among spermatids. Many essential gene products
are encoded on the sex chromosomes including the
Y-linked DNA-binding protein, Sry, and the RNA-binding
proteins, AZF and RBM (Cooke and Elliott, 1997), and
X-linked proteins such as AKAP 82, a major polypeptide of
the fibrous sheath (Carrera et al., 1994; Fulcher et al., 1995;
Moss et al., 1997). Although transcribed in only half of the
developing male germ cells, the AKAP 82 protein is found
in all spermatozoa, requiring transport of either its mRNA
or protein between the X and Y chromosome bearing
spermatids. Studies with transgenic mice carrying a chi-
meric gene consisting of the promoter of mouse protamine
1 fused to the human growth hormone have demonstrated
movement of transgenic mRNAs into nearly all of the
spermatids despite the hemizygosity of the transgene
(Braun et al., 1989). The sharing of transcripts within the
germ cell syncytium has also been observed in mice carry-
ing Robertsonian translocations of chromosome 16 (Calder-
wood and Handel, 1991). When mice heterozygous for two
Robertsonian translocations are mated, meiotic segregation
produces spermatids lacking chromosome 16, the site of the
protamine genes (Calderwood and Handel, 1991). The au-
thors conclude protamine 1 transcripts are shared among
spermatids, since no statistical difference in the distribu-
tion of protamine 1 mRNAs between control mice and the
Robertsonian-translocation heterozygous mice is seen. As
predicted, the mRNA of AKAP 82 contains similar con-
served sequences to those recognized by TB-RBP in prota-
mine mRNAs (Han et al., 1995).
We propose the following model of action for TB-RBP:
During the diploid spermatogonial phase, TB-RBP begins to
accumulate in the cytoplasm. As the germ cells enter
meiosis, TB-RBP is recruited by the nuclei of pachytene
spermatocytes where it functions initially as a DNA-
binding protein. Although we do not know the DNA-
binding function(s) of TB-RBP, the limited nuclear localiza-
tion of its human homologue, translin, to lymphoid cells
has led to a postulated role in gene rearrangements (Aoki et
al., 1995). The events of meiotic DNA breakage, recombi-
nation, and repair in the nuclei of pachytene spermatocytes
suggest TB-RBP plays a similar role in testicular nuclei.
Based on the ability of nuclear TB-RBP to bind RNA (Fig. 1),
we believe that in pachytene spermatocyte nuclei, TB-RBP
also binds mRNAs (the scattered pattern). Increased aggre-
gation of TB-RBP (the cluster pattern) may initiate the
translocation of mRNAs from the nucleus to the cyto-
plasm. In the cytoplasm, TB-RBP remains bound to “pater-
nal” mRNAs, facilitating their storage and translational
suppression (Kierszenbaum and Tres, 1978). We propose
that TB-RBP also transports mRNAs between cells to allow
each spermatid to receive equal amounts of mRNA. Since
TB-RBP can be released from its cellular associations by
colcemid and cytochalasin D, and TB-RBP binds mRNAs to
microtubules (Han et al., 1995), we propose that TB-RBP
interacts with cytoskeletal binding sites such as microtu-
bules and/or the actin bundles near the intercellular
bridges. When synthesis of translationally regulated pro-
teins is required, TB-RBP is released from the repressed
mRNAs in the cytoplasm of spermatids and a scattered
pattern of TB-RBP is seen.
In summary, based on its nucleic acid and microtubule
binding properties and its cellular localization in mammalian
germ cells, we propose that TB-RBP facilitates mRNA move-
ment from the nucleus to the cytoplasm and through inter-
cellular bridges in post-meiotic germ cells. Its additional
function(s) as a DNA-binding protein await identification.
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